http://vestnik.donstu.ru 


Becmunuk Jlonckozo zocyoOapcme6ennozo mexnuueckozo ynueepcumema. 2019. T. 19, Ne 2. C. 164-169. ISSN 1992-5980 eISSN 1992-6006 
Vestnik of Don State Technical University. 2019. Vol. 19, no. 2, pp. 164-169. ISSN 1992-5980 eISSN 1992-6006 


MATTIMHOCTPOEHHE HW MAHTTHHOBEJIEHHE 
MACHINE BUILDING AND MACHINE SCIENCE 


YHK 622.323; 629.3.064.3 








https://doi.org/10.23947/1992-5980-2019-19-2-164-169 





AHasIn3 3@eKTHBHOCTH CHCTeEMbI BHeLIHero OOOrpeBa MepHOH EMKOCTH HacocHOH ycTaHoOB- 


KH OT BbIXJIONHOM CHCTeMBbI ABUPaTeJaA BHYTPCHHeEro cropaHus, 


C. O. Kupees’, B. H. Crenanos’, M. B. Kopuarnna’, A. B. Epumos” 


1, 2, 3,4 


JloHcKkol rocyapcTBeHHbIM TeXHuYeCKHH yHUuBepcutTeT, r. Pocros-Ha-Jlony, Poccuiickaa Denepalna 


Effectiveness analysis of external heating system of gauge tank of pumping unit using exhaust piping of the IC engine” 


S. O. Kireev’, VLN. Stepanov’, M. V Korchagina® A. V. Yefimov’ 


"2-3-4 Don State Technical University, Rostov-on-Don, Russian Federation 


Beedenue. CraTba TocBaleHa UCCcieqOBaHuIO 9deKTHBHO- 
cTH OOorpeBa WIM NOAWepxKaHHuA padouel TemMiepaTypbl 2%KUI- 
KOCTH, Haxoaljeicad B MepHOM eMKOCTH MepexBMXKHOM 
HacOCHOH yCTaHOBKH, OT BBIXJIOMHOM CHCTeMBI JBUTaTelA 
BHyTpeHHero cropanua. [lems padoTbl — coBeplieHCTBOBaHHe 
polecca MpOeKTHpoBaHHA HU CHWKeEHUe 3aTpaT Ha HaTypHbIle 
3KCIIEPHMEHTHEI. 

Mamepuaabi u memoooi. J\id pelieHudA WOCTaBIeHHON 3aqaqH 
ObIN UCIOJIb30BaHbI MeCTOJbI YMCMICHHOTO aHasIM3a Tpu pac- 
yeTe CHCTeM OOOrpeBa MepHOM eMKOCTH C BHeLIHHM paciio- 
JIOKeHHEM TpyOonmpoBoa OT BbIXJIOMNHOM CHCTeMbI JBUTaTeslA 
BHYTpeHHero cropaHusa (JIBC) Ha TpuMepe WIMpoKO pacipo- 
CTpaHeHHbIx ycTaHoBoK I[A-320, YHb, AU® u gp. IIpumenen 
HeCTalMOHAapHbIM HeJIMHeEMHbIN pelllaTesb ras30qM4HaMWuecKx 
lipomeccos (Siemens STAR-CCM+), mo3Bous1omMi OLeCHUTb 
IIpaBHJIbHOCTb MOCTaHOBKH 3aa4W WU 3Ha4MTeJIbHO COKpallla- 
FOWMM 3aTpaTb! Ha MOJIHOMACIUTaOHble HATYpHble UCIbITAHHA. 
Pe3yieomamoi ucciedoeanua. ViccieqoBaHie MpOBOAUIOC JA 
YCHOBHH padOoTbI IeCMeHTHPOBOUHOTO arperatTa Ha Ilaccu 
«Kama3-43 118» c Hacocom «CMH-32» u mpHBoyoOM OT KoOpoo- 
KH OTOOPa MOLIHOCTH Ha KOpoOKe HepeksIOUeHHA Mepezay 
7BUuraTesAa Waccn. 

B pacueTHOH MOJesIM IpHMeHeH KOHBEKI[MOHHBIM THI TeIMJI0- 
Tlepeqauu Mex ly KOPIyCOM MepHOM EMKOCTH U OKpy2KarolljuM 
BO3JIYXOM; Me2%KyY KOPITyCOM MepHOM CMKOCTH UV X2KUKOCThIO; 
M@KIY TPyYOOMpOBOOM BBIXJIOMNHOHM CHCTeMBbI IaccH U BO3- 
MYXOM OKpy2KarolleH cCpebl; MexKY TpyOONpoBOOM BBI- 
XJIOMHOM CHCTeMBI UH BbIXJIOMHbIMH ra3aMu. 

B pe3yjIbTaTe HccsIeqOBaHHA MOUyueHbI rpaduyeckue 3aBu- 
CHUMOCTH W3MeHeHHA TeMIepaTypbI 2KHKOCTH MepHOM eMKO- 
CTH B KOHTPOJIBHBIX TOUKAX; paciipeyjeswenuve MOA TeMiepa- 
TYP 2%KHJKOCTH B MepHoM Oake; paciipeyesieHve MOsId TeMIe- 
paTyp OKpy>Karolllero BO3yxa; JIMHHM MOTOKOB HU TOJIA CKOPO- 
CTeH OKPyxKarolllero BO3/,yxXa UM BbIXJIONHbIX ra30B JIBC. 


Introduction. The heating efficiency or regulation of the oper- 
ating temperature of the fluid located in the gauge tank of a 
mobile pumping unit (PU) using the exhaust system of the 
internal combustion engine (ICE) is studied. The paper objec- 
tive is to improve the design process and to reduce costs of 
field experiments. 

Materials and Methods. To solve this problem, numerical 
analysis methods were used when calculating the heating sys- 
tems of the gauge tank with the external location of the pipe- 
line from the ICE exhaust system by the example of the widely 
used installations (TsA-320, UNB, AChF, etc.). Siemens 
STAR-CCM-+, a non-stationary non-linear solver of gas- 
dynamic processes, was used, which evaluates the correctness 
of the problem statement and reduces significantly the costs 
of full-scale field tests. 

Research Results. The study was conducted for the operating 
conditions of the cementing unit on the Kamaz-43118 chassis 
with the SIN-32 pump and a drive from the power take-off 
attachment on the gearbox of the chassis engine. In the calcu- 
lation model, a convection-type heat transfer was applied be- 
tween the body of the gauge tank and the surrounding air; 
between the body of the gauge tank and the liquid; between 
the chassis exhaust system duct and ambient air; between the 
exhaust system duct and exhaust gases. The following study 
results were obtained: characteristic curves of the temperature 
variation of the gauge tank liquid at the watch points; the dis- 
tribution of the temperature field of the liquid in the gauge 
tank; the distribution of the ambient air temperature field; lines 
of flows and ambient air speed field and of the ICE exhaust 
gases. 
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O6cyacoeHue u 3akoY4enua. B xoye UcciueqOBaHuA BbIACHH- 
jlacb HeocTaTOuHad 39PdeKTHBHOCTb pacCMaTpHBaeMON KOH- 
cTpykumn. AHasIM3 JaHHbIX MO3BOJIAeT MpeOKUTb yCOBep- 
IICHCTBOBaHHYy!O KOHCTPyKUMIO OOOTpeBa MepHOH eMKOCTH. 
Pe3yiIbTaTbI, MOJIYYeHHbIe B padoTe, MOTYT ObITb UCIIOIIb30Ba- 
HbI IIpH pacueTax MOMOOHBIX yCTpOMCTB, IIPHMeCHACMBIX B 
yCTaHOBKax TMpopa3pbiBa WiacTa HW TeMeHTMpOBaHuA CKBa- 
2KHH. 


KunoueBbie C10Ba: TepeqBuxKHad HacocHad YCTaHOBKa, Mep- 
Had CMKOCTb, BOJOMOMaIOWMH Hacoc, Hacoc BbICOKOTO aBJIe- 
HUA, JBUraTesib BHYTpeHHero cropanua (JIBC). 


Oodpa3zeu ona Yumupoeanua: Axnanu3 39>—d@eKTMBHOCTN CH- 
CT€MbI BHeIIHero OOOrpeBa MepHOM EMKOCTH HacocHoH ycTa- 
HOBKU OT BbIXJIOMHOM CHCTeMBbI J[BMTaTesia BHYTPCHHETO Cro- 
panua / C. O. Kupees [un ap.]| // BecrHuk JIoH. roc. TexH. yH- 
Ta. — 2019. — 17.19, No2. — _ C. 164-169. 


Discussion and Conclusions. The study has revealed poor 
effectiveness of the considered structure. The data analysis 
allows us to offer an improved design of the gauge tank heat- 
ing. The results obtained in the work can be used in the calcu- 
lations of such devices used in the hydraulic fracturing units 


and grout machines. 


Keywords: mobile pump unit, gauge tank, water feeding 
pump, high pressure pump, internal combustion engine (ICE). 
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Bpezenne. 3aeKu TpyHOU3BJIeKaeMBIX YIICBOJOPONOB B CeBepHBIX WMpoTax Poccuu IpHypoueHb! K HW3KO- 
IIPOHHIaeMbIM, CAaOOPeCHUPyeMbIM, HeCOJHOPOJHbIM HW pacuJICHeHHbIM KOJWIeKTOpaM. B cBa3u C HeOOXOUMOCTHIO 
OCBOCHHA TaKHX Hed*Tera30HOCHBIX TEPpUTOPHH BOZ3HHKaeT MOTPCOHOCTh B rapaHTUpOBaHHON MWJIKOCOBOM TeMiepatype 
2KUIKOCTH, HaxOAMeicA B MePHOM CMKOCTH yCTaHOBKH. ITa WpoOOMeMa COXpaHAeT AKTYAJIbHOCTb IPH CTPONTEJIBCTBE 
MW KalluTaJIbBHOM PeCMOHTEe CKBa2KHH. 

Ha kayecTBO %KUKOCTH rHaApopa3pbiBa msacta (PIT), OypoBoro u TaMMOHaKHOLO PaCTBOPOB BIMAIOT CJICTYIO- 
mMe (akTOpEI: 

— THIBbI NOpo, B3aMMOJeMCTBYFOIIMe C HA3BAaHHBIMM CHCTeEMaMH;; 
— TyryOuHa CKBaKUHBI (WaBsIeHue); 
— TeMilepatypa Ha 3a00e. 

IIpumem Ba yTBepxeHuA CTaHyapta THK-BP «CoOsrogeHne KOHTpOIA KayecTBa Ipu npoBeyeHun TPIT»: 

1) 2xKMKMe XUMVUeCKHe peareHTHl, IpeHa3sHayveHHBle JIA CMeIWIMBAaHWA Ha KYCTOBOM MWIOWMayKe, TOJOKHbI XpaHUTbcA 
WIM MepeBO3HTbCA pu TemMilepatype Oosee 15 °C; 

2) xpaHeHHe, epeBo3Ka, HCIIbITaHUA WU 3aKa4Ka BCeX XKHIKUX peareHTOB JOJOKHAa MpOW3BOMTbCA IIpH TeMMepaType 
>15 °C, He3aBHCHMO OT TIOrOJHBIX YCJIOBUH [1]. 

Temillepatypa CHCTeMbI He JOJDKHa ObITh HHKe 8—10 °C pu BCex BUAax paooT MO MpHrOTOBIICHHIO X%KUAKOCTH 
3aTBOPeHUA, MpOaBOUHbIX CHCTeEM HW CHCTeM OYpOBOFO HU IIPOMBIBOUHOTLO pacTBOpoB [2]. 

B smtepatype 10 He@Tera30Bomy OOopyz0BaHHIO 1979 roa yHOMMHaeTCA UCHOb30BaHHe JIA OOOrpeBa Cu- 
CT€MbI BbIXJIOMHbIX Ta30B JIBHraTesa WlaccH WIM MasyOHOrO ABuraTesA (IIEMeHTMpOBOUHbIM arperaT L[A-320A) [3]. 
CcbluIKH Ha IIpOAYBOUHbIe CHCTeEMbI OCYIICHHA TMApPOONOKa Hacoca BbICOKOFO aBJICHHA CCTb B JBYX PYKOBOJICTBaX TIO 
9KcIIyaTainMu: «YcTaHoBkKu HacocHble YHb-1000, YHb-800, YHb-630» u «Llementuposoynsi ruapopa3pbiBHBlii 
arperaT AU®D-1050. UPETROM». B pykoBogctTBax no skciisryaTauMu «YcCTaHOBKa JByXHacocHasd NepeszBMKHad YHII- 
320x40» u «YcTaHoska HacocHaad YHb-125-50 CO» oryembHo BbIeIeHbI MYHKTbI 10 padoTe c CHCTeMOM OCYIIKH U 
oOorpesa. 

B npeycTaBieHHou padote npoBeyeH aHasu3 9~deKTUBHOCTH OOOrpeBa MepHO CEMKOCTH C BHEIIHUM paciioso- 
%KCHHEM TPyOOMpoOBOa OT BBIXJIOMHOM CHCTeMBI JBUTaTesa BHYTpeHHero cropanna (JIBC). 

Matepnasbr 4 Merosbi. Mcnosb30BaHbI MeTOJbI YMCJICHHOTO MOJeIMpoBaHHaA. B KayecTBe IIpHMepoB pac- 
CMOTPeHBI IIMpOKO pacnpoctpaHeHHble ycTaHoBKH LA-320, YHb, AY® nu op. 

IIpumeHeHuve YHCIICHHBIX MCTOOB MCCIEOBAHHA WO3BOIIAeCT ONCHHTb MpaBHJIbHOCTb MOCTaHOBKH 3aa4uH (C T0- 
TpelIHOCcTbIO BbIOOpa UAeasM3HpOBaHHONM MOJIesIN), 3HAYMTeCIbHO COKpalllaeT 3aTpaTbl Ha HaTYpHble MOHOMACIITAaO- 
HbIe HUCIbITAHMA WIM MOJHOCTbIO JOKa3bIBaeT KOHCTPyKTOPCKO-TeXHOJIOrM4eCKyHO HECOCTOATebHOCTH 3ayauH. IIpu 
OTCYTCTBHH CTaTHCTHYeCKMX JJaHHbIX MO UCceyeMoH WpoOMeMe MOJIYAeCHHbIe Pe3yJIbTAaTbI YMCIICHHbIX MCTOJIOB 
CyKalOT CIICKTP pelllaeMbIX HaTyPHbIX 3aa4. B kayecTBe HHCTPyMeHTa YMCJICHHOrO MeTOJa Ob IpUMeHeH HecTal{no- 
HapHbIi HeJIMHeEMHbIN pelllaTesb ra3oquHaMuyeckux Tporeccos (Siemens STAR-CCM-+) [4]. 

J|a 4MCNeHHOrO UccIeqOBAHHA Oblia BbIOpaHa 3afaya HarpeBa MepHOU JBYXCeKI[MOHHOU eMKOcTH. C 9TOH Le- 
JIbIO HCIIOJIb3OBAH ITEMCHTHPOBOYHBIN arperaT Ha maccw «Kama3-43118» c Hacocom «CMH-32» uw mpuBoOM OT KO- 
poOku oTOOpa MOMIHOCTH Ha KOpoOKe MepekIHOUeCHHA Mepeyay WBuraTea waccu. B 3aqHeH 30He TeIexKKU Ilaccu 
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yCTaHOBJIeHa MepHast EMKOCTB OObeMoM 22 m°. Ona mpegcTaBsaeT COOOii HebHOCBapHYy!0 KOHCTPYKI{HIO V3 JIMCTOBO- 
TO MeTasuIa, HMeIOLLy!O Ba OTCeKa C HaKJIOHHbIM JIHHICM W JOHHbIMM KilaliaHamMu. B mpeyiaraeMon JIA pacueta u 
aHasiIu3a CXe€Me BbIXJIOMHad TpyOa (TpyOa OOorpeBa) NpOXOAMT MO], JHUUIEM MepHOM CMKOCTH HU TO CTeCHKe JeBO eM- 
KOCTH TOJHUMaeTca BBepx (puc. |). 


KouHTpoOJIbHbIe TOUKH | JKUIKOCTB Hinge 
Kontpoupubie /\ p=1100 xr/m? T=5 °C OT OK 
/ v=1 m/c T=5 C 


TOUKH 2 









g=9,81 m/c? 


KoHTpOJIBHBIe TOUKH 
-—~ y OHHOYO KJlatliaHa 


IloroK BBIXJIONHBbIX ra30B 
v=35 m/c T=450 °C 


Puc. 1. PacueTHaa uyearM3upoBaHHad CXeMa I[EMCHTHPOBOYHOTO arperata Ha maccn «Kama3-43 118» c Hacocom «CHUH-32» 


Pe3ybTaTbI uccTeqoBaHHA. UccieqoBaHve MpOBOAMJIOCh JIA CeXYIOWMX YCIOBUK paooTH! arperata Ha Me- 

CTOPOXK CHUM: 

— HacOCHBbIM arperaT HeEMOABMKeH; 

— TeMIlepatypa OKpyKarollen cpeybI (BO3qyxa) miroc 5 °C; 

— ckopoctb BetTpa 1,0 m/c; 

— TIJIOTHOCTb 2KHJKOCTH B OOeHX CeKI[MAX MepHou emkocTH 1100 Kr/M° : 
— TeMIlepaTypa 2%KUJ{KOCTH B MepHOu emkKocTH TyIHOc 5 °C. 

B pacueTHOu MOJeIIM IpHMeHeH KOHBECKIMOHHbIM THI TeMIONepe aun Mex Ay CIeLyYIOWMMU cpeyaMu: 

— KOpIlycC MepHOH CMKOCTH UH OKpy2KarolllM BOSYX; 

— KOpIlyc MepHOM CMKOCTH HU 2%KUKOCTB; 

— TpyOonpoBoOJ BbIXJIONHOM CHCTeMBI Iaccu HW BO3LYX OKpy2xKalollei CpeJIbI; 
— TpyOonpoBoJ, BbIXJIOMNHOM CHCTeMBI H BbIXJIOMHbIe Fa3bl. 

JI yupomleHua 3a7ja4v B Ka4deCTBE BBIXJIONHBIX Fa30B Ob MCMOIb3OBaH BO3YX, UTOOBI UCKIIFOUNTH IIpHMeHe- 
Hue pelllaTesia MHOTOMa3HbIX MpPOLMeccos. 

IlapametpbI Bo3yxa: IIoTHOCTB — 1,184 Kr/M; TeNONpOBOAHOCTh — 0,026 Br/M-K; yesbHasd TeMJIOEMKOCTb 
— 1003,6 mx/xr:K. 

IlapameTpbI 2XHKOCTH B MepHoOw eMKOCTH: TIOTHOCTB — 1100 Kr/M’; TeMIONPOBOAHOCTbh — 0,569 Br/m:K; 
yAeJIbHad TeMIOCMKOCTh — 4217 zox/Kr’K. 

IlapameTpbI MaTepnaila CTasIbHOrO KOpllyca MepHOM EMKOCTH HU TPyOOMpOBOa BbIXJIOMHOM CHCTeMBI: MWIOTHOCTB 
— 7832 Kr/M?: TeMONpOBOAHOCTb — 63,9 Bt/m:K; yaenmbHaa TemsoemKocTb — 434,0 mox/kr:K; TomujMHa WucTa Kop- 
yca MepHort emkocTuH — 4 MM; TOJILMHa TPyObI BbIXJIOMHOM CucTeMbI — 3 MM [5]. 

Temilepatypa BbIXJIONHBIX ra30B Ha BBIXOe U3 KONIeKTOpa JIBC — 450 °C [5, 6]; cKopocTb BBIXJIONHBIX Ta30B 
Ha BbIxXOJe 43 KoeKTOpa JIBC — 35 m/c [5]. 

PacueT (cM. puc. 1) ObI BEINOTHeH 43 ycuOBUA padoTE JIBC 1800 cekyHy (30 MuHyTt). KoHTpoubHble TOUKH 
TeMIepaTypbI 2%KHAKOCTH ObIIM MOJYYeHbI JIA JIEBOM HU WpaBow YacTeHi MepHOM CMKOCTH y JOHHbIX KJlallaHOB Ha pac- 
crosHuu 200 MM OT AHuIIa, Ha pacctrosHun 1000 MM oT yHuUIa (T1) uw Ha pacctrosHun 1000 mM oT ZHuIIIa HU 200 MM OT 
3anqHen creHKu (T2). Ppadukn u3MeHeHna TeMIepaTypbl 2%XHAKOCTH 3a BpemMa padoTs JIBC B TeyeHue 30 MuHyT Uper- 
cTaBJIeHbI Ha puc. 2. Ilona Temmepatyp U JMHUM TOKa IpeACTaBJIeHbI Ha puc. 3-6. 
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Temnepatypa XUAKOCTU B MepHou emMKOCTU 
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Puc. 2. Ppaduk u3MeHeHHA TeMMepaTypbl 2KXUKOCTH MepHOM CMKOCTH B KOHTPOJIbHbIX TOUKaX: | — TeMMepaTypa B BepxHeli 
TOUKe JIEBOrO OTCeKa MepHuKa; 2 — TeMIlepaTypa B JIeBOM OTCceKe (TOUKa |); 3 — TemmepaTypa B JIEBOM OTCeKe (TOUKAa 2); 
4 — Temilepatypa B JIEBOM OTCeKe MepHhkKa y JOHHOrO KilalaHa; 5 — TeMlepatTypa B lpaBomM oTceke (ToYKa |); 
6 — TeMIlepatypa B 1paBomM oTceke (TOUKa 2); 7 — TemMepaTypa B IIpaBOM OTCeKe MepHHKa y JOHHOYO KJlanaHa 


Temperature (©) 
5.4026 051 





Puc. 3. Pacnpeyesmennue noua TeMnepaTyp 2H KOCTH B MepHoM Oake (BH ClIeBa) 


ae ie 


M0 ben, 


7.0128 


Puc. 4. Pacnpeyenenue Noa TeMMepaTyp 2%*XHJKOCTH B MepHOM Oake (BH clipaBa) 
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_ Temperature (C) R 
5.7375 7.1583 8.5792 10.000 











Velocity: Magnitude (m/s) 
32.292 48.804 





-0.73176 15.780 65.316 81.827 





Puc. 6. JIMHua TOKa UW NONe CKOpOCTeH OKPy2KalOllero BO3TYXa UM BEIXJIONHBIX ra30B JIBC 


OdcyxeHne UH 3aKIOUeHHe. Pe3yibTaTbI pacdeTOB HarsiaHO WOKa3bIBaloT, 4TO 3a 30 MuHyT padoTsI JIBC u 
KOHBCKIIMOHHOTO TelJIOOOMeHa Mex Ty ropsAyeH BEIXJIONHON TpyOOU, BO3TYXOM HW 2KHJIKOCTbIO B MePpHOM CMKOCTH B 
KOHTPOJIBHBIX TOUKAX Y JOHHBbIX K1alaHOB 2KUKOCTb porpesacb Ha 0,1 °C B meBom oTceke u Ha 0,11 °C B npaBom 
OTCeKe. 

OTO MO3BOIIACT CHeNaTb BbIBO], O TOM, 4TO IPH paccMaTPHBaeMOM BapHvaHTe KOHCTPYKTHBHOIO pellieHuA OOsIb- 
Iad YaCTb TeMIOBON SHEPrHu HallpaBsIeHa Ha OOOrpeB KaOHnHbI OllepaTopa. ITO NOOXRXUTeMbHbIN PakTOP, HO He pellle- 
Hue MOcTaBsIeHHON 3aya4un. I[poBpeqeHHble UCcIeqOBAaHUA MW MOCTpOeHHble rpaduyeckue 3aBMCHMOCTH MOKa3bIBaloT, 
4TO JIA Ooee 9PeKTHBHOTO paciipeseeHUA TeIMIOBbIX NOTOKOB BHYTPH MepHOM CMKOCTH HU B OKpyxKalollei cpeye 
HeOOXOUMO pa3MeCCTHTb BbIXJIONHY!IO TyOy HeMOcpeJICTBeHHO B MepHOM Oake. YunTHIBAad OCOOCHHOCTH KOHCTPyKIIMH, 
BXOJ TPYObI WesecoOOpa3HO pacnOIOXKUTb BHK3Y WpaBOU YacTH CMKOCTH UH, MPOMyCTHB Yepe3 JIeBy!O 4acThb, HallpaBuTb 
BJOJIb Oaka BBEpX B IIpeOXPaHHTeJIbHOM KaHasie. 

C leuIbrO OlpeeICHHA BO3MO%KHOCTH OOOrpeBa MepHOHM CEMKOCTH HeOOXOAHMO MpOBeCTH pacyeThI DJIA HOBO 
KOHCTPyKTHBHOM CXeMBI. 
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